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T h i s  memorandum p r e s e n t s  countdown h o l d  s t a t i s t i c s  f o r  
t h e  S a t u r n  I and IB, A t l a s  Si';-3, Geinini, ar;d Tk;~r=Del ta  launch 
v e h i c l e s .  These s t a t i s t i c s  have been  g a t h e r e d  and reduced to 
prov ide  background m a t e r i a l  f o r  the c o n s i d e r a t i o n  o f  "Launch-on- 
Time S t r a t e g i e s , "  and t h e  e f f e c t s  of  b u i l t - i n  h o l d s  and va ry ing  
launch  window s i z e s  on launch a v a i l a b i l i t y . *  

It was found t h a t  t he  r a t e  o f  occur rence  o f  unscheduled 
h o l d s  i n c r e a s e s  a s  T - 0 i s  approached.  The expec ted  number 
o f  h o l d s  ( i n c l u d i n g  s c r u b s )  i n  the  las t  t e n  minutes  of countdown 
ranged  from 0.6 f o r  Gemini t o  1.0 f o r  A t l a s .  The median i n d i v i -  
d u a l  ho ld  l e n g t h  d u r i n g  t h e  l a s t  t e n  minutes ,  ranged  from seven  
minutes  for Gemini t o  twenty-seven minutes  f o r  t h e  S a t u r n  I and IB's. 

S e v e r a l  l aunch  a t t empt s  were r e q u i r e d  f o r  some v e h i c l e s .  
Cons ide r ing  the ave rage  o f  the  v e h i c l e  t y p e s ,  75% o f  t h e  launch  
a t t e m p t s  a c t u a l l y  launched.  O f  t h o s e  t h a t  launched,  35% launched 
on t i m e  ( i . e .  had no unscheduled h o l d s ) .  
s u f f i c i e n t  d u r a t i o n )  a t  t e n  minutes  b e f o r e  i g n i t i o n ,  63% of  the  
v e h i c l e s  a c t u a l l y  launched could have been  launched on time. 

With schedu led  h o l d s  (o f  

*Launch a v a i l a b i l i t y  i s  d e f i n e d  a s  t h e  p r o b a b i l i t y  of  
b e i n g  ready  t o  accomplish t h e  mis s ion  d u r i n g  t h e  a s s i g n e d  
launch  window. 

(THRU) 
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The p r i n c i p a l  causes  o f  countdown d i s c r e p a n c i e s  were: 

$ o f  Holds % of  Scrubs  

18% 23% 

17% 23% 

167; 31% 

Ground Suppor t  Equipment 

Launch Veh ic l e  P r o p u l s i o n  

Gui-dance and C o n t r o l  

Range 11% - 

Except for A t l a s ,  f o r  which no d e t a i l e d  d a t a  was 
a v a i l a b l e ,  t h e r e  was no d i r e c t  i n d i c a t i o n  t h a t  any d i s c r e p a n c i e s  
can  be d i r e c t l y  a t t r i b u t e d  to h o l d s .  

P r o j e c t i n g  t h i s  d a t a ,  i t  a p p e a r s  t h a t  for a launch  
v e h i c l e  such  a s  S a t u r n  V, which h a s  a ve ry  l i m i t e d  h o l d  capa- 
b i l i t y  a t  countdown t imes  l a t e r  t h a n  20 minu tes ,  t h a t  a combina t ion  
of built-LIV; 5clds ( t h e  l a s t  a s  l a t e  i n  tiie couritdowrl a s  p o s s i b i e j  
combined w i t h  s e v e r a l  launch window panes  (to a l l o w  f o r  r e c y c l i n g )  
would be h i g h l y  d e s i r a b l e  f o r  i n c r e a s i n g  l aunch  a v a i l a b i l i t y .  
S a t u r n  V r e c y c l e s  t o  a countdown t i m e  o f  20 minutes  b e f o r e  i g n i t i o n ,  
i f  a d i s c r e p a n c y  o c c u r s  i n  the l a s t  20 minutes .  Cons ide r ing  t h e  
median h o l d  t imes found for S a t u r n  I and IB ,  i t  a p p e a r s  that two 
l aunch  window panes approx ima te l  one h o u r  a p a r t  would be a 
r e a s o n a b l e  compromise between (1 3 i n c r e a s i n g  l aunch  a v a i l a b i l i t y  
and ( 2 )  minimizing range ,  t r a j e c t o r y ,  and s o f t w a r e  complexi ty ,  
and payload loss. 
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SUBJECT: Countawn Hold S t a t i s t i c s  
Case 310 

DATE: Janua ry  8, 1968 

FROM: W .  B.  G e v a r t e r  

TECHNICAL MEMORANDUM 

I. INTRODUCTION 

T h i s  memorandum p r e s e n t s  countdown h o l d  s t a t i s t i c s  
for s e v e r a l  l aunch  veh ic l e s .  These s t a t i s t i c s  have been g a t h e r e d  
and reduced  t o  p rov ide  background m a t e r i a l  for t h e  c o n s i d e r a t i o n  
of "Launch-on-Time S t r a t e g i e s " ,  and t h e  e f f e c t s  of b u i l t - i n  
h o l d s  and va ry ing  launch  window s i z e s  on launch  a v a i l a b i l i t y . *  

11. VEHICLES CONSIDERED 

Countdown d a t a  was  ob ta ined  f r o m  Reference  (1) and i s  
summarized i n  t h e  form o f  i npu t  rna ty ices  i_n T a b l e s  11 threfigh I? 
for t h e  f o l l o w i n g  launch  v e h i c l e s :  

S a t u r n  I and I B  

T i t a n  I1 Gemini Launch Veh ic l e  

A t l a s  SLV-3 7000 Series ( A i r  Force  S tandard  Launch V e h i c l e )  

Thor-Delta Veh ic l e s  (1-21) 

These v e h i c l e s ,  a l l  launched from t h e  Cape Kennedy a r e a ,  cou ld  
be cons ide red  to be r e p r e s e n t a t i v e  of countdown h o l d s  a s s o c i a t e d  
w i t h  space  l aunch  v e h i c l e s ,  and range  and ground suppor t  s y s t e m s .  

111. THE NATURE OF A COUNTDOWN 

The countdown i s  a s tep-by-s tep  p r o c e s s  performed i n  
accordance  w i t h  a preplanned t ime schedu le  whose performance goal. 
i s  to l aunch  t h e  space  v e h i c l e  w i t h i n  a s p e c i f i e d  launch  window 
wi thou t  any undiscovered  c r i t i c a l  m a l f u n c t i o n s .  The time s c h e d u l e  
i s  measured i n  terms of T-time, t h a t  i s ,  T minus the  time p r i o r  
t o  i n i t i a t i o n  of space  v e h i c l e  l i f t o f f .  The countdown s e r v e s  
n o t  o n l y  to p r e p a r e  t h e  space  v e h i c l e  for l aunch ,  b u t  t o  syncro-  
n i z e  l aunch  p r e p a r a t i o n s  wi th  s u p p o r t i n g  o p e r a t i o n s  such a s  track- 
i n g ,  communications and range s a f e t y .  It i s  a l s o  des igned  t o  
a s s u r e  maximum s a f e t y  of ground and f l i g h t  crews while t h e  l aunch  
p r e p a r a t i o n s  a r e  i n  p rogres s .  

*Launch a v a i l a b i l i t y  i s  d e f i n e d  a s  t h e  p r o b a b i l i t y  o f  b e i n g  
r eady  t o  accomplish t h e  m i s s i o n  d u r i n g  t h e  a s s i g n e d  l aunch  
window. 
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rc .q\ i I red t o  co r r ip l~ te  t,hc. " c r l t i  c~a1-pa~11" oi'  o p t l i a n t , i   ut^::, Cia1 I l c*a I -  
p a t h  cati be cicf'i ncld a s  t h a t  p8i-f i c l i l a r  scquencr o f  ope i?a t  1011s 
wh I ch h a s  t h e  g r e a t e s t  n e g a t i v e  o r  l e a s t  p o s i t i v e  a c t i v i t y  
S I  ack .  Only a c t i o n s  i n  t he  c r i t i c a l - p a t h  a r e  c o n s i d e r e d  c r - i t i -  
c a l  t o  t h e  p r o g r e s s  o f  t h e  countdown. If a d i s c r e p a n c y  o c c u r s  
i n  one of t h e  Opera t ions  proceeding  i n  p a r a l l e l  to t h e  c r i t i c a l -  
p a t h ,  t h e  countdown w i l l  normally proceed  wh i l e  t h e  d i s c r e p a n c y  
i s  b e i n g  c o r r e c t e d .  A ho ld  i n  t h e  countdown w i l l  be c a l l e d  when 
a n  anomaly o c c u r s  i n  one of the  c r i t i c a l - p a t h  o p e r a t i o n s .  Pro- 
blems o c c u r r i n g  i n  t h e  p a r a l l e l  o p e r a t i o n s  o n l y  cause  a h o l d  
when t h e  time t o  e f f e c t  r e p a i r s  becomes so  long  a s  to impact  
t h e  c r i t i c a l - p a t h  o f  o p e r a t i o n s  ( i n  e f f e c t ,  t h e  p a r a l l e l  o p e r a t i o n  
becomes p a r t  o f  t h e  c r i t i c a l - p a t h ) .  

During a h o l d  i n  t h e  countdown, f u r t h e r  problems 
may o c c u r  i n  t h e  a r e a  of t h o s e  p a r a l l e l  o p e r a t i o n s  which a r e  
c o n t i n u i n g ,  or due t o  f a i l u r e s  (human and equipment)  o c c u r r i n g  
i n  equipment on s t andby  o p e r a t i o n s .  I n  a l l  p r o b a b i l i t y ,  t h e s e  
d i s c r e p a n c i e s  would have occur red  anyway and a r e  n o t  d i r e c t l y  
r e l a t e d  to t h e  h o l d .  Most anomal ies ,  however, seem more l i k e l y  

e v e n t  r a t h e r  t h a n  d u r i n g  s t andby  o p e r a t i o n s .  The e f f e c t  o f  a. 
h o l d  on r e d u c i n g  l aunch  a v a i l a b i l i t y  by i n d u c i n g  d i s c r e p a n c i e s  
i n  o t h e r  e v e n t s ,  i s  probably  much less  t h a n  t h a t  which might 
be a n t i c i p a t e d  from examining o n l y  t he  r a t e - o f - o c c u r r e n c e  of 
h o l d s  d u r i n g  countdown. 

to o~.(ltlj~~ d ~ ~ y i n g  c h ~ f i g e - ~ f - s t ~ t e  t ~ ~ ~ ~ ~ ~ ~ t s  ~CC:'"+ I I L L L b  ..-- d ~ ~ ~ ~ i - ~ ~  Z.1-i 

The countdown-hold d a t a  c o n t a i n e d  i n  Reference  1 does  n o t  
g i v e  t h e  T-time when t h e  anomaly c a u s i n g  t h e  ho ld  f i rs t  o c c u r r e d  
( i t  j u s t  g i v e s  t he  T-time t h e  a s s o c i a t e d  h o l d  was c a l l e d ) .  O the r  
i n f o r m a t i o n  such  a s  t he  r e l a t i o n s h i p  between one ho ld  and a n o t h e r ,  
whether  the d i s c r e p a n c y  occur red  d u r i n g  a t r a n s i e n t  i n  t he  count -  
down or d u r i n g  a s t e a d y - s t a t e  c o n d i t i o n ,  or i n f o r m a t i o n  on sec-  
ondary a c t i v i t y  o c c u r r i n g  d u r i n g  the  h o l d ,  a l s o  i s  n o t  c o n t a i n e d  
i n  Reference  1. Never the l e s s ,  s u f f i c i e n t  i n f o r m a t i o n  i s  a v a i l -  
a b l e  t o  roughly compute t he  s t a t i s t i c s  of when the h o l d s  do o c c u r ,  
how o f t e n  t h e y  occur ,  t h e  l e n g t h  of t i m e  n e c e s s a r y  t o  c o r r e c t  o r  
compensate for t he  ma l func t ion ,  and how o f t e n  and when sgpubs 
a r e  c a l l e d .  These and s i m i l a r  s t a t i s t i c s  which are useful i n  
p l a n n i n g  countdown s t r a t e g y  and i n  g i v i n g  g r o s s  p r e d i c t i o n s  o f  
l aunch  a v a i l a b i l i t y ,  have been computed and a r e  p r e s e n t e d  i n  
t h i s  memorandum.* 

*Unfor tuna te ly ,  t h e  d a t a  i s  p robab ly  too he te rogeneous ,  
b i a s e d ,  and u n c o n t r o l l e d  t o  w a r r a n t  much more t h a n  a 
d e s c r i p t i o n  of b road  o p e r a t i o n a l  c h a r a c t e r i s t i c s  and 
t r e n d s .  That  i s  to say,  t h e  a s s o c i a t e d  conf idence  l i m i t s  
for t h e  r e s u l t i n g  s t a t i s t i c a l  cu rves  can be expec ted  t o  
be  l a r g e .  
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can bc: asked from a g i v e n  set of data, arid such a largcl cyian- 
tity of data, it was decided to prepare a simple computer program 
to logically extract the desired information from the data matrices, 
and compute the associated cumulative probabilities. This was done 
by Mrs. Sheryl Watson. The curves in this memorandum are based upon 
t h i s  program. Following the suggestion of Mr. A. P. Boysen, Jr., 
cumulative distribution plots have been chosen for statistical pre- 
sentation of the basic data, because all significant statistical 
information on the point in question can be directly discerned from 
these plots, or can be derived from them. 

V. TIMES IN COUNTDOWN AT WHICH UNSCHEDULED HOLDS OCCUR 

A. Time of Holds 
Figure 1 is a plot of the distribution of  the times in the 
countdown* at which holds occur. 

B. Holds Expected 
Figure 2 presents the expected nnmher ~ f '  remaining hnlds 
as a function of countdown time. 

C. Hold Rates 
Figure 3 presents hold rates. 

D. Time of Last Hold 
Figure 4 gives the cumulative distribution of the times of 
the last hold in a launch countdown. 

E. Time o f  Scrub 
Figure 5 presents the cumulative distribution for t h e  times 
of scrubs. 

VI. LENGTHS OF HOLDS (Time to Correct Discrepancies) 

A. Total Hold Length 
Figure 6 presents the cumulative distribution plots for thc 
total hold lengths. 

B. Lengths of Individual Holds 
Figure 7 presents cumulative distribution plots for lengz:-. 
of holds (scrubs are considered to be holds of large 
lengths) f o r  various intervals in the countdown. 

*For the remainder of this memo, T w i l l  designate time in 
countdown in minutes before launch. 
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C .  Expected Value of  Remaining Unschedule Hold Time 
F i g u r e  8 p r e s e n t s  t h e  expec ted  ( a v e r a g e )  va lue  of t h e  

remain ing  unscheduled  h o l d  t i m e  for S a t u r n  I and  IB, t h e  o n l y  
v e h i c l e s  w i t h o u t  s c r u b s  I n  t he  l a t t e r  p o r t i o n  o f  t h e  countdown, 

V I I .  HOLD REASONS 
Table  I1 o r d e r s  t h e  h o l d  d a t a  of Table  I by c a u s e s .  

Table  111 r e l a t e s  t h e s e  r easons  for h o l d s  t o  f r equency  of occur-  
r e n c e .  C l a s s i f i c a t i o n  of h o l d s  by c a u s e s  i s  somewhat a r b i t r a r y ,  
the c a t e g o r y  i n  which a hold  i s  p laced  b e i n g  dependent  upon t h e  
c h o i c e  o f  c l a s s i f i c a t i o n .  I n  a d d i t i o n ,  t h e  b a s i c  d a t a  i s  some- 
what i ncomple t e ,  and a s i n g l e  f a i l u r e  may i n v o l v e  s e v e r a l  a r e a s .  
V T I I .  NUMBER OF HOLDS 

v e h i c l e  number i n  t h e  s e r i e s .  Tab le s  IVB and IVC p r e s e n t s  prob- 
abilities for t h e  number of h o l d s  p e r  launch  and s c r u b .  

I X .  LAUNCH SUCCESS 

Table  IVA r e l a t e s  the  number of unscheduled h o l d s  t o  t h e  

Launch Success  d a t a  i s  summarized i n  Tab les  V and V I .  

X. CONCLUSIONS 
A .  Time of Holds and Hold Rates :  

(1) D i s t r i b u t i o n  of t h e  t imes  of h o l d s  

Because t h e  c u r v e s  of F i g u r e  1 a r e  rough ly  
s t r a i g h t  l i n e s  on semi- log pape r ,  a r e a s o n a b l e  approx ima t ion  
to t h e  d i s t r i b u t i o n  of t h e  times of occur rence  of unscheduled 
h o l d s  i s  of  t h e  form: 

P (T ime  of Hold < T )  - = a + c log (T-tb)* 
where: T = Countdown t i m e d m i n u t e s  b e f o r e  l aunch .  
From t h e  c u r v e s  w e  obse rve  t h a t  50% of t h e  h o l d s  o c c u r r e d  a t  
a t ime less  t h a n  25 minutes  b e f o r e  launch  f o r  S a t u r n ,  wh i l e  
f o r ' t h e  much s i m p l e r  Thor-Delta v e h i c l e  t h e  t i m e  i s  2.5 minu tes .  

( 2 )  Number of  Holds Expected i n  Remaining Countdown 
A related,  b u t  much more u s e f u l  p l o t  i s  t h e  

expec ted  number o f  h o l d s  ( n )  d u r i n g  t h e  r ema in ing  countdown a s  

*Where a p p r o p r i a t e ,  approximate fo rmulas  w i l l  be p r e s e n t e d  
which can  be u s e f u l  i n  a t t e m p t i n g  t o  macromodel a 
countdown. 
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L A ( T )  = 
. ,  

f o r  all t s T 
such that n ( T )  > 0 

where n(T) = number of holds occurring, for all launch attempts, 

N ( T )  = number o f  launch attempts operative at time T. 

at countdown time, T. 

The curves for the expected number of holds remaining 
at time T are given in Figs. 2a-2d. It is interesting t o  note 
from these curves that f o r  Saturn at 19 minutes before launch, 
and for Atlas at 10 minutes we still expect one hold. By 
contrast, Thor has less than 1 unscheduled hold expected for 
the entire countdown While Gemini has a expected value of 1.0 
hold at the s t a r t  of the countdown. 

The following formulas were found t o  give reasonable 
approximations to this data: 

- 
Saturn: n = 0 + 1.1 [log (T+2.2) - log 2.23 (base 10) 

Atlas: n = 0 + 1.2 [log (~+1.6) - log 1.61 
Gemini: n = .14 + .30 [ l o g  (T+.31) - log .31] 
Thor : n = .Og + .53 Clog (~+.82) - log .82] 

- 
- ( 3 )  

- 

(3) Holds Rates: (Holds/min)/vehicle 

The rate of occurrence of holds can be obtained 
by differentiating Equations (3) to obtain: 

dx .21 Saturn - = - + 1  dT 
2.2 

(4) 
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A t l a s :  - d x  = 9 33 
dT 

* I c 2  + . 1 4 6 ) ( ~ )  dx 
d T -  T . - Gemini: - - - 

.31 + 

( 4 )  

These r a t e s  a r e  p r e s e n t e d  i n  F ig .  3. Observe tha t  
a l l  t h e  v e h i c l e s  have t e r m i n a l  h o l d  r a t e s  i n  the o r d e r  of .3 
h o l d s  p e r  minute  of countdown, p l u s  de l t a  f u n c t i o n s  a s s o c i a t e d  
w i t h  h o l d s  (or s c r u b s )  o c c u r r i n g  a t  i g n i t i o n .  

The r a t e s  ob ta ined  from these fo rmulas  a r e  i n  good 
agreement  w i t h  rates o b t a i n e d  by c o n s i d e r i n g  the niimber of 
h o l d s  p r e s e n t  i n  a g iven  time i n t e r v a l .  

The h o l d  ra tes  shown a r e  t h e  a v e r a g e  which o c c u r  a s  
the  countdown proceeds  and a r e  n o t  t o  be t a k e n  a s  t h e  ra tes  o f  
o c c u r r e n c e  o f  d i s c r e p a n c i e s  d u r i n g  ho lds .  T h i s  w i l l  be d i s c u s s e d  
I n  more d e t a i l  i n  Sect ionX-M. 

B. Time of L a s t  Unscheduled Hold: 

A s  t h e  c u r v e s  of  F i g u r e  4 a r e  n e a r l y  s t r a i g h t  l i nes  
when p l o t t e d  on l o g - p r o b a b i l i t y  paper ,  t h e  t i m e  of t h e  l a s t  
unscheduled  h o l d  appea r s  t o  be rough ly  c h a r a c t e r i z e d  by a log-  
normal d i s t r i b u t i o n .  From t h e  c u r v e s ,  19% of t h e  Geminis, 36% 
of t h e  Thor-Del tas ,  48% of  t h e  S a t u r n s  and 62% of t h e  A t l a s  
l aunches  had h o l d s  a t  countdown times e q u a l  t o  or l e s s  t h a n  10 
minu tes  b e f o r e  l aunch .  This i s  n o t  i n t e n d e d  t o  i n d i c a t e  t h a t  
a l l  t h e s e  h o l d s  were due t o  d i s c r e p a n c i e s  t h a t  f i rs t  o c c u r r e d  
a t  t h e s e  times, b u t  r a t h e r  that  h o l d s  f o r  d i s c r e p a n c i e s  were 
c a l l e d  a t  these times. A s  i n d i c a t e d  e a r l i e r ,  i n s u f f i c i e n t  
i n f o r m a t i o n  i s  a v a i l a b l e  t o  a s c e r t a i n  t h e  o r i g i n a l  t i m e  of 
o c c u r r e n c e  o f  these d i s c r e p a n c i e s .  

C .  Time o f  Scrub:  

Because the  curves  of F i g .  5 a r e  rough ly  s t r a i g h t  
l i n e s  on semi log  paper ,  t h e  t i m e  of s c r u b  c u r v e s  can be 
approx ima te ly  w r i t t e n  i n  the  form: 

P (Time o f  Scrub - < T )  = a + c log (T + b) (5) 
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Prom F i g .  5, w e  obse rve  t h a t  the  s c r u b s  for S a t u r n  o c c u r  much 
e a r l i e r  i n  t h e  countdown than  for Gemini. However t he re  i s  
i n s u f f i c i e n t  d a t a  h e r e  to be much more s p e c i f i c  t h a n  t h i s .  

D. T o t a l  Hold Time:  

The c u r v e s  of F i u r e  6 ( a p p e a r i n g  rough ly  a s  s t r a i g h t  
l i n e s  on p r o b a b i l i t y  p a p e r  7 i n d i c a t e  t h a t  t he  t o t a l  h o l d  times 
f o r  l aunches  a r e  approximated no rma l ly  d i s t r i b u t e d .  From the  
c u r v e s  rough ly  5% of the  A t l a s e s ,  15% of t h e  S a t u r n s ,  52% of 
t h e  Thors  and 58% of Gemini Launches c a n  be expec ted  to be on 
t i m e ,  These f i g u r e s  a r e  summarized i n  Tab le  V. 

E. Lengths  of Holds: 

From F i g u r e s  7 we obse rve  t h a t  a n  approx ima t ion  for 
t h e  cumula t ive  d i s t r i b u t i o n s  of t h e  l e n g t h  of h o l d s  i s  of t h e  
form: 

Where H1 may be  i n t e r p r e t e d  a s  a break p o i n t  i n  t h e  h o l d  l e n g t h s ,  
which s e p a r a t e s  t he  l o n g e r  h o l d s  for a c t i o n  items a.nd r e p a i r s  
from the s h o r t e r  h o l d s  for checks or d e c i s i o n  making. 

We a l s o  o b s e r v e  t h a t  t h e  l o n g e r  ho lds  o c c u r  e a r l i e r  
i n  t h e  countdown, wh i l e  j u s t  b e f o r e  l aunch  we have a l a r g e r  
number of short h o l d s  for the purpose of checks  and c a l i b r a t i o n s .  

F. Expected Value of Remaining Unscheduled Hold T i m e :  

From Fig.  3 we observe  t ha t  the r a t e  of occurences of 
unscheduled  h o l d s  i n c r e a s e s  as w e  approach  l aunch .  However, 
f rom Fig.  7 w e  s e e  t h a t  t he  h o l d s  l e n g t h s  become somewhat s m a l l e r  
d u r i n g  t h e  t e r m i n a l  p o r t i o n s  of t he  countdown. A s  t he  two phenom- 
ena  a . re  oppos ing ,  i t  i s  not  immediately clear how the remaining 
h o l d  t i m e  behaves  a s  a f u n c t i o n  o f  countdown t i m e .  To o b t a i n  a 
b e t t e r  p i c t u r e  of t h i s ,  t h e  expec ted  ( a v e r a g e )  v a l u e  o f  the 
remain ing  unscheduled  h o l d  t ime f o r  t h e  S a t u r n  v e h i c l e s  i s  
p r e s e n t e d  i n  F ig .  8. Sa tu rn  was chosen  f o r  p r e s e n t a t i o n ,  as 
i t  i s  the o n l y  v e h i c l e  not  hav ing  s c r u b s  ( h o l d s  of very  l a r g e  
d u r a t i o n )  l a t e  i n  t h e  countdown. It i s  obse rved  t h a t  f o r  
S a t u r n ,  t h e  h o l d  r a t e  dominates o v e r  t he  h o l d  l e n g t h s  i n  d e t e r -  
mining t h e  form of the curve.  
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C. J-Iold Hoaaonn : 

From Table  111, t he  p r i n c i p l e  r e a s o n s  f o r  unscheduled  
h o l d s  a r e :  

Ground Support  Equipment - a v e r a g i n g  18.1% o f  t h e  
h o l d s  ( P r o p e l l e n t  Loading 7. C$, Genera l  11.1%) 

L a m c h  Veh ic l e  P ropu l s ion  System - ave rag ing  16.6% 
of t h e  holds. 

Guidance and Con t ro l  - a v e r a g i n g  16.2% o f  t h e  h o l d s  

Range - a v e r a g i n g  11.1% o f  the  h o l d s  

H. Number o f  Holds:  

The ave rage  number o f  h o l d s  per  launch  ( r e f e r r i n g  t o  
Table  I V A )  ranged  from 0.4 t o  4 depending  on  t h e  l aunch  v e h i c l e .  
The ave rage  o f  t h e  veh ic l e -ave rages  i s  1.8. The ave rage  f o r  
a l l  t h e  l aunches  cons ide red  i s  1.1. 

I. Launch Success :  

R e f e r r i n g  t o  Table V, w e  o b s e r v e  t h e  f o l l o w i n g  per -  
c e n t a g e s  ( o b t a i n e d  b y  ave rag ing  the  r e s u l t s  f o r  t h e  f o u r  
v e h i c l e s ) :  

Launches launched on t i m e . *  35% 
5% o f  v e h i c l e s  brought  t o  l aunch  scrubbed  a t  l aunch .  

J .  E f f e c t  o f  B u i l t - i n  Holds:  

A s  i n d i c a t e d  i n  T a b l e  V, i f  t h e r e  were s u f f i c i e n t  
d i s t r i b u t e d  h o l d s  o f  l o n g  enough d u r a t i o n  d u r i n g  countdown, t h e  
l a s t  o c c u r r i n g  a t  T = 10 minutes ,  the  % o f  l aunches  launched  on  

*At l a s  and Thor d i d  have d i s t r i b u t e d  b u i l t - i n  ( s c h e d u l e d )  
h o l d s  ( n o t  shown i n  the b a s i c  d a t a )  f o r  c a t c h  up pu rposes  
i n  t h e i r  countdown. However, f o r  the  purposes  o f  t h i s  
memo, o n l y  l aunches  wi thout  unscheduled  h o l d s  w i l l  be 
c o n s i d e r e d  t o  have launched on t i m e .  
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t ime  cou ld  be ra ised from 35% t o  6376." With a b u i l t - i n  h o l d  
a t  T = 1 minute ,  t he  launches  launched on t ime c o u l d  be r a i s e d  
to 91%. T h i s  assumes no d r s c r e p a n c i e s  ( h a v i n g  h o l d s  exceed ing  
t h e  end of t h e  h o l d  t i m e )  o c c u r r e d  d u r i n g  t h e  l a s t  h o l d .  A s  
5% of t h e  v e h i c l e s  b rough t  t o  l aunch  scrubbed  a t  l aunch ,  t h i s  
i n d i c a t e s  t h a t  t h e  b e s t  t h a t  c o u l d  be done w i t h  b u i l t - i n  h o l d s  
i n  a c h i e v i n g  launch-on-t ime i s  i n  t h e  o r d e r  of 95% o f  t h e  l aunch  
a t  t empt s  . 

K. Number of Launch Attempts  Required for Launch: 

Table  V I  p r e s e n t s  s t a t i s t i c s  on t h e  number of  l aunch  
a t t e m p t s  r e q u i r e d  for l aunch .  It i n d i c a t e s  t h a t  ( t a k i n g  t h e  
a v e r a g e  for t h e  v e h i c l e  t y p e s )  73% of t h e  v e h i c l e s  launched  o n  
t h e  f i r s t  a t t e m p t .  Of t h o s e  t h a t  sc rubbed  on t h e  f i rs t  a t t e m p t ,  
75% launched on t h e  second a t t e m p t .  Thus i t  a p p e a r s  t h a t ,  i n  
g e n e r a l ,  a sc rubbed  v e h i c l e  i s  a s  good a c a n d i d a t e  t o  l aunch  a s  
a f resh  one.  Of t h o s e  v e h i c l e s  which d i d  have a second s c r u b ,  
a l l  t h e  second s c r u b s  occur red  c l o s e r  t o  l aunch  i n  t h e  countdown 
t h a n  t h e  f i r s t  s c r u b .  

L. Causes f o r  Scrubs :  

Table  I1 p r e s e n t  d e t a i l e d  ho ld  i n f o r m a t i o n  by c a u s e s ,  
o r d e r e d  b y  t ime i n  t he  countdown. It w i l l  be observed  t h a t  
t he  p r i n c i p a l  c a u s e s  for s c r u b s  (X's) a r e  d i s c r e p a n c i e s  i n  
G i i  i dance a n d  Con t ro l  (31$), ground suppopt  equipment (23$), and 
v e h i c l e  p r o p u l s i o n  systems (23%). Observe t h a t  a l l  t h e s e  s c r u b s  
occLirred a t  o r  n e a r  i g n i t i o n .  The m a j o r  cause  o f  t h e  Guidance 
at id C o n t r o l  sc ruba  is  gyro d r i f t  problems ( u s u a l l y  a p p a r e n t  
l?:121ier i n  t h e  countdown).  

M. F a i l u r e s  Induced by Holds: 

F i g .  ( 3 )  p r e s e n t s  h o l d  r a t e s  i n  terms of  ave rage  h o l d s /  
minute  of countdown t i m e .  These r a t e s  o n l y  a p p l y  a s  t he  count -  
down proceeds  and a r e  n o t  d i r e c t l y  a p p l i c a b l e  d u r i n g  h o l d s .  Two 
n a t u r a l  q u e s t i o n s  a r i s e :  (1) do secondary  d i s c r e p a n c i e s  o c c u r  
d u r i n g  h o l d s  and ( 2 )  do l a t e r  d i s c r e p a n c i e s  a r i s e  due t o  the  
ex tended  countdown d u r a t i o n  i n c u r r e d  by p r e v i o u s  h o l d s ?  

I n  answer to q u e s t i o n  (l), though a h o l d  for one cause  
i s  o f t e n  used  t o  c a t c h  up on l a t e n t  d i s c r e p a n c i e s  due t o  o t h e r  
c a u s e s ,  there  i s  no d i r e c t  ev idence  i n  t h e  data  i n d i c a t i n g  t h a t  
new d i s c r e p a n c i e s  a r i s e  d u r i n g  a h o l d .  The o n l y  i n d i c a t i o n  i n  
t h i s  d i r e c t i o n  a t  a l l ,  i s  the s c r u b  o f  Gemini GT-5 i n  which 

"Ac tua l ly  w i t h  a b u i l t - i n  h o l d  a t  T = 10, some of' t h e  d i s -  
c r e p a n c i e s  for which h o l d s  were c a l l e d  l a t e r  could  have 
been  c o r r e c t e d  a t  t h i s  t i m e ,  s o  t h a t  t h i s  p e r c e n t a g e  
f i g u r e  i s  probably  on the  low s ide .  
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r,r.r,i,l c,mz w i t h  weather ,  t r a c k i n g  and s p a c e c r a f t  t e l e x t r y  were 
a l l  :;i:rlultaneously p r e s e n t ,  d e s p i t e  a 31 minute ho16 to a t t e m p t  
to r e c t l f y  them. 

The second ques t ion  c a n  be approached a s  follows. 
R e f e r r i n g  to Table IVC, we obse rve  t h a t  e x c e p t  f o r  S a t u r n  I, 
i n s t e a d  o f  h o l d s  induc ing  f u r t h e r  h o l d s  e v e n t u a l l y  r e s u l t i n g  
Ln s c r u b s ,  50% or more o f  t h e  s c r u b s  occur red  on t h e  f i r s t  
h o l d .  R e f e r r i n g  to Table  IVB for l aunches ,  w e  obse rve  t h a t  
f o r  Thor-Delta and Gemini, t h a t  t h e  p r o b a b i l i t y  of  t h e  occur-  
r ence  o f  h o l d s  d e c r e a s e s  monotonica l ly  w i t h  n; i n  f a c t  t h e  
p r o b a b i l i t y  t h a t  a second hold occur red  g i v e n  t h a t  one ho ld  
occur red  was z e r o  f o r  G e m i n i .  For  S a t u r n  and A t l a s ,  t h i s  sec-  
ond q u e s t i o n  can be approached b y  s t u d y i n g  F igu re  6 .  Observe 
t h a t  the total ho ld  time d i s t r i b u t i o n  f o r  S a t u r n  l aunches  i s  
v e r y  c l o s e  to a ( t r u n c a t e d )  normal d i s t r i b u t i o n .  T h i s  s u g g e s t s  
t h a t  many u n c o r r e l a t e d  causes  go i n t o  making up t h i s  cu rve .  
It a l s o  i n d i c a t e s  t h a t  the r a t e  of "hold  t i m e  f a l l  off"', on 
both s i d c s  of t h e  mean, i s  the  same. However, i f  i n c r e a s i n g  
tlic countdown ( a s  a r e s u l t  o f  h o l d s )  causes  a n  i n c r e a s e  i n  t h e  
d i sc repancy  r a t e ,  one would e x p e c t  t h a t  t h e  curve  to t h e  r i g h t  
of pc rnnnr> I l . . h l l l r 7  &,..-A ..--.--- I - - - - . . , L Z - - - -  

i i l L u L ,  v ~ u ~ ~ ~  b ~ l l u  u p w d i - 2  ( L * e i z i u l b L I i g  i r i  a skewed d i s t r i b u -  
t i o n ) .  Th i s  does n o t  occur  on S a t u r n ,  b u t  remarkably enough 
docs occur  on A t l a s ,  where t h e r e  i s  a d i s t i n c t  b r e a k  i n  t h e  
d - l s t r i b u t i o n  curve  n e a r  the 5 0 %  p o i n t .  I n  addition t o  t h e s e  
i n d l c a t i o n s ,  examinat ion  of  a v a i l a b l e  d a t a  h a s  f a i l e d  to i n d i -  
c a t e  any d i s c r e p a n c i e s  t h a t  cou ld  be d i r e c t l y  a t t r i b u t e d  to 
the  ex tended  countdown l e n g t h  a s s o c i a t e d  w i t h  e a r l i e r  h o l d s .  

T h u s ,  e x c e p t  f o r  A t l a s*  for which we have no d e t a i l e d  
d a t a ,  t h e r e  i s  no d i r e c t  i n d i c a t i o n  t h a t  any d i s c r e p a n c i e s  can 
be d i r e c t l y  a t t r i b u t e d  to ho lds .  The re fo re  t h e r e  i s  a l s o  no 
d i r e c t  i n d i c a t i o n  t h a t  b u i l t - i n  h o l d s  i n c u r  s u b s t a n t i a l  d i s c r e p -  
a n c i e s  e i t h e r  d i r e c t l y  o r  b y  e x t e n d i n g  the  countdown t ime.  

N .  P r o j e c t i o n  of Resu l t s  to Other V e h i c l e s  

P r o j e c t i n g  t h i s  d a t a ,  i t  appea r s  t h a t  f o r  a l aunch  
v e h i c l e  such a s  S a t u r n  V, which has  v e r y  l i m i t e d  ho ld  
c a p a b i l i t i e s  a t  countdown times l a t e r  t h a n  20 minutes  
b e f o r e  launch, a combination of b u i l t - i n - h o l d s  ( t h e  l a s t  a s  

*Computation of t h e  c o n d i t i o n a l  p r o b a b i l i t i e s  P(ho1d 
l a t e r  i n  countdown I ho ld  e a r l i e r  i n  countdown),  for 
A t l a s  and S a t u r n ,  t e n d s  to s u b s t a n t i a t e  t h a t  the holds 
a r e  u n c o r r e l a t e d .  
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late i n  t h e  countdown as p o s s i b l e )  combined w i t h  several 
l a u n c h  window panes  (to al low for r e c y c l i n g )  would  be 
h i g h l y  d e s i r a b l e  for i n c r e a s i n g  launch  a v a i l a b i l i t y .  S a t u r n  v 
r e c y c l e s  t o  a countdown time of 20 minutes  b e f o r e  i g n i t i o n ,  
if a d i s c r e p a n c y  o c c u r s  i n  t h e  l a s t  20 minu tes .  Cons ide r ing  
t h e  median h o l d  times found for S a t u r n  I and IB,  i t  a p p e a r s  
t ha t  two l aunch  window panes approximate ly  one hour  a p a r t  would 
be a r e a s o n a b l e  compromise between (1) i n c r e a s i n g  l aunch  a v a i l -  
a b i l i t y  and ( 2 )  min imiz ing  r ange ,  t r a j e c t o r y ,  and s o f t w a r e  com- 
p l e x i t y ,  and payload  loss. 

0. C o r r e l a t i o n  of Unscheduled Holds w i t h  Countdown 
A c t i v i t i e s :  

No a t t e m p t  h a s  been made i n  t h i s  memo to c o r r e l a t e  
t h e  o c c u r r e n c e  of unscheduled h o l d s  w i t h  countdown a c t i v i t i e s .  
However, for b e t t e r  comparison between v e h i c l e  t y p e s ,  and a s  
a n  a i d  i n  p r o j e c t i n g  the  d a t a  t o  o t h e r  v e h i c l e s ,  it would be 
h e l p f u l  t o  normal ize  t h e  countdown t i m e  w i t h  r e s p e c t  t o  criti- 
c a l  countdown a c t i v l t i e s ,  such a s  t h e  i n i t i a t i o n  and comple t ion  
of p r o p e l l e n t  l o a d i n g ,  and t h e  s t a r t  of t h e  f i n a l  l aunch  sequence .  

XI, SUMMARY 

A s t a t i s t i c a l  a n a l y s i s  was made f o r  countdown h o l d  
d a t a  o b t a i n e d  from S a t u r n  I and IB,  A t l a s  SLV-3, Gemini and 
Thor-Delta Veh ic l e  l aunches  and launch  a t t e m p t s .  T h i s  a n a l y s i s  
was  performed t o  p rov ide  background m a t e r i a l  f o r  the  c o n s i d e r a -  
t i o n  of  "Launch on Time S t r a t e g i e s , "  and t h e  e f f e c t s  o f  b u i l t -  
i n -ho lds  and v a r y i n g  launch windown s i z e s  on launch  a v a i l a b i l i t y .  
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P r i n c i p a l  r e s u l t s  a r e :  

Launch S u c c e s s  and Hold Occur rence  

Expec ted  No. 
Average N o .  o f ' H o l d s  i n  

% At tempts  $ Launches o f  Holds/  L a s t  10 
Launched on Time Launch Minu tes  

87 15 

67 5 

75 58 

72 52 

S a t u r n  I and  I B  

Atlas SLV-3 

Gemini 

Thor- De 1 t a 

Hold Leng ths  

T o t a l  Hold Length  

95% of Launches 
nnf i 7 - r n n n A - A  I-.-- - *_&.  i 2 Z L U L G U C U  " 3  

S a t u r n  I a.nd I B  190 mins.  

Atlas SLV-3 130 

Gemini 30 

Thor- De 1 t a 40 

2.3 0.7 
2.0 1.0 

0.6 0.6 

0.4 0.7 

Median Hold Time for 
Ind 5 d ua 1 xo 16 

27 mins .  for T L 10 mins .  
35 T > 10 

T 1. 40 
T > 40 

7 T 5 30 
23 T > 30 

15 T L 10 
15 T > 10 

P r i n c i p l e  Causes  o f  D i s c r e p a n c i e s  

Holds S c r u b s  

Ground S u p p o r t  Equipment 18% 23% 

Launch V e h i c l e  P r o p u l s i o n  System 17% 23% 

16% 3 1% 
(7 TU -. tdarice and Control 

Range 11% d 
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It was found t h a t  t h e  v a r i a t i o n  of  t h e  r a t e  of occur-  
r e n c e  of' h o l d s  a s  a f u n c t i o n  of countdown t ime,  T (minu tes  
b e f o r e  l a u n c h ) ,  was s imilsr  f o r  a l l  these v e h i c l e s .  
approximat ion  i s :  . 

A composi te  - 

Average Number of Holds  p e r  Minute of  Countdown T i m e  

0.05 S(T) + ~+1, 0.3 

where the  d e l t a  f u n c t i o n  i s  a s s o c i a t e d  w i t h  t h e  f a i l u r e s  a t  
Lgni t i o n .  

From t he  a v a i l a b l e  d a t a  ( e x c e p t  for A t l a s  for which 
w e  have no d e t a i l e d  in fo rma t ion )  there  i s  no d i r e c t  i n d i c a t i o n  
t h a t  any d i s c r e p a n c i e s  can be d i r e c t l y  a t t r i b u t e d  to h o l d s .  
The re fo re ,  t h e r e  i s  a l s o  no d i r e c t  i n d i c a t i o n  t h a t  b u i l t - i n  
h o l d s  i n c u r  d i s c r e p a n c i e s  e i t h e r  d i r e c t l y  o r  because  t h e y  
e x t e n t  t h e  countdown t i m e .  

201 4-WBG-.,h b j h  W. B. Geva r t e r  
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1. C .  H. E l e y ,  111, Bellcomm Working Paper s  o n  History of 
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2 .  C .  H .  E l e y ,  111 ,"Proposed  Improvements  i n  Countdown 
Flexibility for t h e  Apo l lo -Sa tu rn  V Lunar  Land ing  
Mission", Bellcomm Memorandum For F i l e ,  Case 140, 
September  30, 1965. 
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TABLE I A  

. B A S I C  COUEITDOhH HOLD DATA 

S A T U R N - I  A N D  I 6  SERIES 

V E H  NO ATTEMPT LAUF\ iCH= l  HOLD NO T I M E / C D *  L E N G T H *  REASON 
--.------- - .. -- - .. - - ---I_- - - -...------- --___ _c ____ sc pu 0--- -.- 

120.00 32.00 W E A T H E R  . 3 c o o o - -  ,---. 34.00 --.- WEATHER - --..------ I_ 

10000 30.00 R A N G E  
7 5 0 o------ 4 5 .-O 0 '-. POW E R 
100.00 
65.00 
19.00 _. . .. . . . 550.co 

1- 10 1. 1. i;--l.l-- .- --- 
10 2. 

3: 1. 
1. 1. 10 

4 ,  10 10 2. 

5 ,  10 0 0. - - 10 
10 0. 2.. -.--. . I - -- - . . . . 

10 00 4. 260.00 20.00 P R O C E D U R E  ..-- 
20 10 1. 13.00 61.00 R A N G E  . -.--- . - ._-. _. - __ 

____. _ _ _  - - 20 10 l - o ~  10 1~ 1. 

2C.00 G U I D A N C E  - C O N T R O L  

42.00 P R O P E L E N T  L O A D I N G  

. o  - E EM E ~ ~ ~ - - - - - - .  . - -_ -.. ._ .- --- - - - _- .I---__-. 
4 ,  

. 
3 OO.-- R A N G E  

520.00 17.00 POWER 

- . 
4, 10 1 0  3 0  ___ --._ __I_-_ 

27.00.-- G U I D A N C E '  -- CONTROL- .  5 ,  00 ' 30 4300Co------ 

-5, c .  5. 240.00'---- -4 8 ..OO * * ' - . P R O P E L E N T  L O A D 1  KG-- 
5, 

6 ,  0. 10 795000 12 8 . 0 O.-- -- V E H  P R 0 P U L S I 0 N S Y S - 
6 ,  10 00 2. 545.00 25.00 POWER 

6 ,  20 10 1. 85.00 38.00 G U I D A N C E  - C O N T R O L  
6, -2,- 20 P R O P E L E N T . .  L O A O I N G ~  

4.00 1.00 P R O P E L E N T  L O A D I N G  
0.68 ~~"--"-75.00 - - - G U I D A  NCE - C O N T R O L  

6, 20 1, 3. 

1 0  245.00 69.00 V E H I C L E  
30*00-'. ---. 4,OO---.VEH P R O P U L S I O N  SYS- 

7 0  1. 10 
1-0--- 10 2. 7, 

20.00 V E H I C L E  49,00 -.---RANGE - 12.00 7, l o  10 3. 
-7 e 
8 ,  1. 1. 00 0. 0. NO H O L D S  O C C U R  

5 0  
--. 

- - - --.- - .. .- -_ . ._ 

5 0  
-----. ~ _I_ -. 

.-  ~ -.. __ *. oo  - .. __-_-- -. - 
-1-0- 0- 3-0- -- -. - - C . O l ~ - ~ - ~ V E H I C C E  

- 
6 ,  

f O o  o o  6 o o ~ o o -  - .  -.--- - __-_ . .- -. .. . -... 

. - .. . __ . . 
60 20 1 i-. - - --'4 

--___.-. ----I_ -.- 

.. ---. - - . .. __ . I - -. ----. . . ~ _ _ _  

5 0 00-------- 
.. . - _. . . _--_- .- 

1 -.--I- 10 40 
----- 

. 30.00 '- -I 3 O o O O  POWER 
2 6 . 0 0  67.00 POWER 

0. -. -'NO H O L O S  O C C U R  
------___. -- .. -_ -. - . -. 10, 00- . 0. 

30.00 GRNO S U P P O R T  E Q U I P  
3C.00 V E H  P R O P U L S I O N  S Y S  

20 L o  10 1. 1 0  266.00 
. .  90000 -- - .-- ~ .--.- . .--..- -. . -. - 10 2. 

- - -  V E H  P R C P U L S I G N  S Y S  
10 1. 3. 1o _--- ..-- ___-. 

201, 
za1:----- -4 0 

5 .  50 31.00 V E H  P R O P U L S I O K  SYS 
545.00 .- 6C.00 ' - - 'GRNO S U P P O R T  E Q U I P  

1. 10 5. 201-  
2c2.---- 1. 

4C.00 GRND S U P P O R T  E Q U I P  . . - .-- .41*oo .- .-RANGE . -. - . 
10 10 2 0  424.00 - -  -. 2o c o  202. 

2 0 2 .-------- 
I o  ~ - - .15000 12.50. -. . .  - .. - - -  

202. 
2 33 
2 0 3 0  10 10 2. 5.00 0 8 . 5 0  P A Y L O A O  

. - . - . ._ 

30.00 78.00 P R O C E D U R E  
. .  ... 4 o o o  ._ 73.00' I_--___ 

-..-- --= 0- 
-.--- -- 1 .. - -._ 

-.-- -_ 

- - - -I.-- 

1. l o  4. 3-00 4.00 POWER .--~.. -- - - - - 

3 o o o  . ~ .. oo . RANGE .... . . . - 1- 3.' -------.. 2(j3 
0 1-0- --- . 

- - . - - _ _ _ _  - _. ._ --_ - - - . -- -__I - ._.____- - - - ~  -- ~ - -_ -- - - - - -  - _ _  
*COUNTDOWN T I M E  G l V E t l  I N  M l t l U T E S  BEFORE LAUNCH, HOLD LENGTH IS I N  M I N U T E S  

**MINUS S I G N S  I t l D l C A T E  A SCRUB OCCURS ON THAT HOLD 
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TAFLE 13 - BASIC COUtlTDOkiN hOLD GATL 

A T L A S  SLV-3 

. . . .  .... . . . . . . . .  -- . . . . . .  .* . . . . . . .  ______ c. -._-- .- , ~ . - .  

RE AS054 v E H  A G  A T T E N P T  L b U & C H = l  HOLC NO T I M E / C D  L E N G T H  
. . . . . . .  .- - .. - -I-_ ___-_______._.____ . - . _._._--_. - - .-.._ SCRUB-G 

3 .  1. 1. 175  . 00 63.CO NO D A T A  F O R  C A S E  
7101, _____--.-- 3 .  .-.:-.1* -.I-..._..... .. 2. . . .  70.00 - 28.00 . .  . N C . D A T A . F O R  C A S E  
7101- 30 1. 3 .  12.50 29.00 N O  D A T A  FO i i  C A S E  

----710 1. --------.-3.----1- 4 .... 3 50 ......... 2 OO-_-. -NO D A T A -  F.OR C A S E  
7102. 1. 1. 1. 55.00 51.00 NO D A T A  FO;? C A S E  

--.-,_--7.lC2. -__,.__. 1. __.-... 1. . . - _ _ ~ _ . . .  2. .... 17. 50 _ . _ _ _ _ _ C  .4 GO --.-NO . . D A T A . . F O R  C A S E  
7102. 1; 1. 3 .  3.50 4.00 F;C D A T A  F O R  C A S E  

-- 7102, 1..--1- 4 .  . 1-50 --20.00.. .-NC D A T A  F O R  C A S E  

---7 1 c 3 . 1, ....... 1 . 55.00 ..... 60.00 . N C  O A T A  F C R  C A S E  
7103. 1. 1. 2. 12.50 6 .00  N C  D A T A  F O R  C A S E  

------....--..-.7105. .......... 1, ..... 0, ........... 1. 55.00 . 65.00 NC D [ $ T A  F O R  C A S E  
7105. 1. 0. 2. r 25.00 30.00 NO D A T A  F O R  C A S E  

-- ----....-...-_. 7105. ......... 1. ...... 0.- . . . . . . .  .32 8.GO ~ -33.00 R C  D A T A  F O R  C A S E  
7105. 2. 1. 1. 17.50 20.00 NG D A T A  F O R  C A S E  
7105. .~ 2 1.~.- .  . . .  2.' . 3.50 . .  5.00 . NO D A T A  F O K  C A S E  
71C6. 1. 1. 1. 55.CO 60.00 N C  D A T A  F O R  C A S E  

- . 7106. - . .___._____ 1.. ........ 1. ................. 2. ...... 7.50 . . . .  5.00 . . N C  D A T A  F O R  C A S E  
7104. 1. 0. 1. 60.00 -40 .00  N C  D A T A  F O R  C A S E  

-______ t . i O 4 ,  . . . . .  . 2, - ... i . _. . 1. . .  70.00 . ..78.00 . N O . l ) A T A  FOK C A S E  
71Cft . 2. 1. 2. 12.50 7.00 NC D A T A  F O K  C A S E  

----.----.-..7401. 1.- 1. . . .  70-00 .. 18O.CO N C  D A T A  F C R  C A S E  
7 4 0 1  1. 10 2. 7.50 24.00 N O  D A T A  F C R  C A S E  

.--7.107. ________ 1. __._. .1, ............. 1. ......... 7O.CO ....... 85.00 .. NC D A T A  F O R  C A S E  
7 1 0 7 .  1. 1- 2.  7.50 2.00 N O  D A T A  F G K  C A S E  

------7108. . . . . . .  . l o  ...... 1. 1. 17.50 90.00 NO D A T A  FUR C A S E  
7109. 1. 0. 1; 70.CO 40.00 NC O A T A  F O R  C A S E  
7109. ......... 1.-. . - 0 . .  . . . .  2. 10.00 ..-105.00.. NC D A T A  FOR C A S E  
7109. 2. 1-  1. 7.50 30.00 NO O A T A  F O R  C A S E  

7112. 1. 1. 1. 7.50 18.00 NC D A T A  F O R  C A S E  

7111. 1. 1. 1. 7.50 15.00 NO D A T A  F C R  C A S E  
-- -7.1 10 ... . 1 ._ ....... 0 . . . . . .  1 . 24O.CO . - l G r t . O O  K C  D A T A . . F O K  C A S E  

7110.  2. 0. 1. 7O.CO 41t.00 NC D A T A  FOR C A S E  
---.--.- - -., 7.11C- ..... -----_-. 2. ....... 0. . . . . . . .  2. 35000 . 4.00  NO D A T A  F O R  CIISE 

711C. 2. 0. 3 .  12.50 -12.00 NG D A T A  F C X  C A S E  
I---.--- 7 11 0 . ...... 3 ....... 1 . . . . . . . . . . .  1 35.co 4 . 0 0 .  .NC. D A T A  F O X  C A S E  

71 10. 3.  1. 2. 12.50 12 .00  N C  D A T A  FGt< C A S E  
-7 1 1 c ..... ... 3 ....... 1 . . . . . . .  . 3  . 1.50 . -  1.00 NG D A T A  F O X  C A S E  
711C. 3 .  1. 4; 0 . 5 0  3.50 NO D A T A  F O R  C A S E  

--..-.-. 71 1.3. _. -.-_--..-1. _.I_ . - . l o  . ~ _  . . 1. 12.50 . . 9.00 NC D A T A  F O R  C A S E  

7101,  

71C2. 1. 1. 5. 0.50 3 1 . ~ 0  rdc D A T A  FUK C A S E  

- -  

-------.---.7109-..-. .__-. 2- ..__..__ 1. ........ ..._. 2. . . .  0.50 ..... 19.00 NO D A T A .  FOR C A S E  

. -7 1 1 2  . .... 1 . - . . .  1 . . . . . . .  2 . 1.50 1-00 . NC D A T A  F U R  C A S E  

7114. 1. 1- 1. 12. 50 2 5 - 5 0  NC D A T A  F O X  C A S E  

7115. 2. 1. 1; 25.CO 38.CO NC D A T A  F O R  C A S E  

7116.  1. 1. 2.  1.50 26.00 N O  D A T A  F C 2  C A S E  
--- -L- 7.117e.. ...... -- ..... 1- ....... 14. . . . .  1. 25.CO . . 32.00 PiG D A T A  F C R  C A S E  

-- 7.1 1 5  . ...... .1 ...... - 0 . . . . . . . . . .  1 . 112.00 . - C O O L  N C  D A T A  'FUX C A 5 E  

.----7116. 1. ....... -1. . 12.50 . 10.00 NC D A T A  F O R  C A S E  

Pic H C L D S  CCCLJ2 7118. 1. 1. 0. 0. 0. 
. . .  ........ . . . .  . . . . . . . . . . .  . ~ .  . .  . . .  -. - 

. .  - .... 

. 

. -. 

. .  

.- 

* EAS I C COUIITDOt'lll T 1 N E  DATA WAS G I  VEt l  OILY I f I  I HTEK\'ALS. 
THEREFORE, Tlb1E SH0:'III I S  THAT AT CEtlTER OF THE INTERVAL. 
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TABLE I D  

B A S I C  COUNTDOWN HOLD DATA 

THOR DELTA 

V E H  NO A T T E M P T  L A U N C H = l  H O L D  NO T I M E / C D  L E N G T H  R E A S O N  --.I.-.. .-.- -.---.-- .-. -------.-- ..--..-.--- - . -_._.__________ ----..-.. . 
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